Investigations on RF sputtered NiCr thin film resistors, fabricated using Cu as conductor metallization, were made. The contact resistance characteristics, resistor film characteristics and TCR of the resistors were measured. The effect of heat treatment on the resistor characteristics was studied. A suitable annealing cycle for the resistor stabilization was studied. A suitable annealing cycle for the resistor stabilization was obtained. The effect of passivation by a thin quartz film on the resistor properties was also examined. The results are presented and discussed in this paper.
INTRODUCTION
NiCr is one of the most commonly used resistive material for fabricating precision thin film resistors. This transition metal alloy exhibits a wide range of resistivity, low temperature coefficient of resistance (TCR) and high stability of electrical properties. Owing to its technological importance NiCr resistors have been the subject of several investigations. Numerous publications on different aspects of resistor fabrication and characterization have appeared in the literature during the past fifteen years. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] Conventionally a multilayer Ti-Pd-Au conductor system is used as the contact metallization for NiCr resistors. 11 In recent years due to increased cost of the precious metals a need for a low cost replacement metallization for the expensive Ti-Pd-Au has been realized. Different metals 1'1s and metal combinations 16'17 have been investigated for the purpose. We have examined the use of copper as the contact metallization. Copper has a higher conductivity and is less expensive compared to gold. Also, copper is easily solderable. The limitation on using Cu for contact metallization is that the Cu/NiCr contact cannot be annealed at the high temperature, usually required for resistor stabilization, due to oxidation of Cu and interdiffusion of Cr into Cu. 18 The purpose of this paper is to report the results of our investigation on NiCr resistors fabricated with Cu contacts. The contact resistance was measured. The effect of heat treatment on the contact characteristics w.as studied. An optimum thermal annealing cycle for the resistors stabilization was obtained. The resistor characteristics and TCR of the resistors measured before and after the heat treatment are presented. The effect of passivation by a thin quartz film on the resistor properties is also reported in this paper.
EXPERIMENTAL
The resistors were fabricated on Alsimag glazed ceramic substrates. The substrates were cleaned by the standard procedure and were dried by blowing nitrogen gas before loading onto a water cooled anode in the sputtering chamber. An 8620J rf sputtering machine of MRC was employed to sputter the resistor (NiCr) and the conductor (Cu) films. The composition of the NiCr target purchased from MRC was stated to be Ni40/Cr60. The procedure adopted for the films deposition was as follows:
The sputtering chamber was first evacuated to a pressure of 8 x 10 -7 torr. Then UHP argon gas was introduced in the chamber through a needle valve. The given in Figure 2 . The nature of the characteristics reveal that the Cu Freshly deposited NiCr films shows a tendency for self annealing. 8 This results in changes in resistance and TCR of the film. It is therefore necessary to stabilize the film properties.
Usually NiCr films are annealed in air at 300C for 2 hours for stabilization of the resistor film characteristics. The NiCr-Cu resistor system, as discussed in the previous section, cannot be annealed at such high temperatures. The film stabilization temperature was therefore restricted to 150C.
As the films were being stabilized in an oven at 150C, the change in the film resistance was measured as a function of heat treatment time. Figure 4 shows the increase in the film resistance plotted as a function of the square root of the heat treatment time.
The variation is linear. The data indicates that the increase in the film resistance is due to surface oxidation of the NiCr film and is limited by the diffusion mechanism. 4 It may be remembered here that oxidation of the NiCr is preferential. Exposure of the film surface produces CrO3 while Ni remains virtually in the metallic state. the top surface of the film the material beneath is protected against further exposure to the ambient gases, thus stabilizing the films. Typical I-V characteristics of the as prepared resistor, after annealing the resistor and after 1000 hours measured at room temperature, are shown in Figure 5 . After stabilization the increase in the film resistance measured on a 5 1/2 digit HP 3455A voltmeter was typically 0.35 percent after 1000 hours at room temperature. This shows that the long term stability of these resistors is not good. We believe that the stabilization by the thermal annealing cycle is not adequate. This was confirmed by depositing a quartz thin film on the heat treated resistors. We observed that the stability improves significantly. A plot of the resistance change measured as a function of time at 70C on these resistors is shown in Figure 6 . Figure 7 .
CONCLUSIONS
The results of our investigation show that it is possible to produce good NiCr resistors using Cu as a conductor with stable electrical properties. The contact between the conductor Cu film and the resistive NiCr film is ohmic. The contact resistance is 2-3 m Ohm cm. 2 The contact I-V characteristics studied as a function of temperature show that above 200C the contact resistance increases drastically.
The resistor stabilization cycle, decided on the basis of the experimental data, for the NiCr resistors with Cu contacts is to anneal at 150C in ambient air for 48 hours. This cycle was found to be safe but the stability of the resistors was not good. The Table II. 
